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T h e i n v i t a t i o n t o c o n t r i b u t e a s h o r t p a p e r t o t h e p u b l i c a t i o n p r e p a r e d o n t h e o c c a s i o n o f t l t e
o f f i c i a l s t a r t o f t h e s u r v e y o f t h e l a k e s i n t h e e q u a t o r i a l N i l e i s m u c h a p p r e c i a t e d . I t g i v e s m e a
w e l c o m e o p p o r t u n i t y [ Q d i s c u s s c e r t a i I : p r o b l e m s o f w a t e r resourc~s d e v e l o p m e n t i n A f r i c a , p r o b l e m s
w h i c h a r e n o t p e r h a p s r e s t r i c t e d t o t h i s c o n t i n e n t , b u t w h i c h I f e e l a r e n e v e r t h e l e s s p r a c t i c a l p r o b l e m s .
I h a v e p r e f e r r e d t o t o u c h u p o n a n u m b e r o f p r o b l e m s i n o u t l i n e i n s t e a d o f a t t e m p t i n g t o d i s c u s s o n l y
o n e b u t m o r e t h o r o u g h l y . I w i l l f i r s t m a k e s o m e g e n e r a l r e m a r k s o n t h e j u s t i f i c a t i o n f o r t h e c o l l e c -
t i o n o f h y d r o - m e t e o r o l o g i c a l d a t a f o l l o w e d b y o n e o r t w o o b s e r v a t i o n s o n s t a f f i n g p r o b l e m s . T h e
p a p e r c o n t i n u e s w i t h s o m e o b s e r v a t i o n s o n t h e d e v e l o p m e n t o f i n t e r n a t i o n a l r i v e r s i n A f r i c a a n d e n d s
w i t h s o m e b r i e f c o m m e n t s o n t h o s e a r e a s o f r e s e a r c h f o r w h i c h r f e d t h e r e i s p a r t i c u l a r n e e d a t t h i s
j u n c t u r e .
T h e n e e d f o r r e l i a b l e i n f o r m a t i o n a n d l o n g r e c o r d s o f h y d r o m e t e o r o l o g i c a l o b c r v a t i o n s t o r e d u c e
t h e r i s k o f f a i l u r e a n d t o l e s s e n r e l i a n c e o n " u n c e r t a i n t y f a c t o r s " i n t h e d e s i g n o f h y d r o - p o w e r s c h e m e s ,
i r r i g a t i o n projec~s, e t c . , s h o u l d n o t n e e d e l a b o r a t i o n h e r e . T h a n k s t o t h e a v a i l a b i l i t y o f s u c h l o n g
r e c o r d s i n m u c h o f t h e N i l e b a s i n , t h e s u r v e y n o w e m b a r k e d J I " p 0 n i n t h e c q u o t o r i a l l a k e s r e g i o n m a y
l e a d t o t a n g i b l e r e s u l t s i n a s l i t t l e a s f i v e y e a r s ' t i m e .
I t i s , h o w e v e r , a f a c t t h a t g o v e r n m e n t o f f i c i a l s a r e n o t y e t e v e r y w h e r e c o n v i n c e d o f t h e w i s d o m
o f s p e n d i n g m o n e y n o w o n t h e o b s e r v a t i o n s o f t h e f l o w o f r i v e r s f o r w h i c h n o d e v e l o p m e n t p r o j e c t s
h a v e a s y e t b e e n p r o p o s e d . A l s o , i n s o m e c o u n t r i e s i t i s n o t a s d i f f i c u l t t o f i n d f i n a n c e f o r a w e a t h e r
s t a t i o n r e q ' J i r e d f o r t j ; 1 e o p e r a t i o n o f i n t e r n a t i o n a l a i r c o n n e c t i o n s , a s i t i s t o o b t a i n f u n d s t o r e m u n e r a t e
o b s e r v e r s o f r a i n a n d r i v e r g a u g e s i n r e m o t e a r e a s .
I t i s p e r h a p s f a i r t o s a y t h a t p a r t o f t h e b l a m e f o r t h i s s i t u a t i o n m a y l i e w i t h h y d r o l o g i s t s a n d
e n g i r ' l e e r s . T h e s e h a v e s o m e t i m e s f a i l e d t o s h o w c l e a r J y t h e s a v i n g s t h a c w o u l d h a v e b e e n o b t a i n e d i n
c o n s t r u c t i o n c o s t s b y t h e u s e o f l e n g t h y r e c o r d s , c o m p a r e d w i t h t h e c o s t s i n c u r r e d w h e n , f o r e x a m p l e ,
o n l y r e c o r d s o f t h e l a s t f i v e y e a r s h a v e b e e n u s e d . F u t - t h e r , i n t h e p a s t , s o m e e n g i n e e r s r e s p o n s i b l e
f o r t h e d e s i g n o f d r a i n a g e w o r k s o r i r r i g a t i o n d a r n s , a n d f a c e d w i t h a l a c k o f d a t a , h a v e o f t e n h a d
r e c o u r s e t o s o m e r u l e G f t h u m b f o r m u l a d e r i v e d e l s e w h e r e , u s u a l l y i n a n o t h e r c o n t i n e n t , a n d h o p e d
f o r t h e b e s t . I n o t h e r c a s e s , w h e n f a c e d s h a l l v v e s a y w i t h t h e n e c e s s i t y o f e s t i m a t i n g f l o o d O o w i n
c o n n e c t i o n w i t h a b r i d g e , t h e d e s i g n e r s h a v e c a l c u l a t e d t h e c a p a c i t y f o r t h e p a s s a g e o f w a t e r u n d e r
t h e b r i d g e a s v e r y l a r g e , f a r t o o l a r g e f o r s a f e t y . A n e x p l a n a t i o n o f t h e s e a n d s i m i l a r c a s e s , g i v i n g
a c t u a l e x a m p l e s a n d c o s t s i n t e r m s o f s h i l l i n g s , f r a n c s o r d o l l a r s , i s m u c h m o r e l i k e l y t o i m p r e s s
t r e a s u r y o f f i c i a l s w h e n t h e a n n u a l w a t e r d e p a r t m e n t b u d g e t i s b e i n g e x a m i n e d t h a n t a l k i n g a b o u t
i n t e n s i t y - f r e q u e n c y - d u r a t i o n c u r v e s .
T h e r e a r e i n A f r i c a s t i l l s o m e f a i r l y l a r g e r i v e r s f o r w h i c h v i r t u a l l y n o h y d r o - m e t e o r o l o g i c a l
d a t a i s a v a i l a b l e . T h e r a t i o n a l d e v e l o p m e n t o f t h e w a t e r a n d l a n d r e s o u r c e s o f t h e s e b a s i n s v v i l l
r e m a i n i m p r a c t i c a l f o r a s l o n g a s s u c h d a t a i s n o t c o l l e c t e d . v V i t h o u t a d e q u a t e i n f o r m a t i o n o n r i v e r
f l o w s a n d t h e i r f l u c t u a t i o n s , a n y a n a l y s i s o f c o s t s a n d b e n e f i t s o f p r o s p e c t i v e i r r i g a t i o n o r h y d r o -
p o w e r s c h e m e s i s b o u n d t o r e m a i n i l l u s o r y . \ V i t h o u t a s u f f i c i e n t a n d c o m p r e h e n s i v e k n o w l e d g e o f
a l l a v a i l a b l e w a t e r r e s o u r c e s ( i n c l u d i n g g r o u n d w a t e r ) i n a c o u n t r y , t h e r e a l c h o i c e o f p o s s i h l e w a t e r
d e v e l o p m e n t p r o j e c t s i s , o f n e c e s s i t y , l i m i t e d t o t h o s e f o r w h i c h d a t a i s a v a i l a b l e . C o n s e q u e n t l y , i t
i s n o t p o s s i b l e t o k n o w w h e t h e r t h e m o s t f a v o u r a b l e p r o j e c t h a s b e e n c h o s e n . R e s t r i c t i o n o f f u n d s f o r
h y d r o l o g i c a l o b s e r v a t i o n s n o w i s a l m o s t a l w a y s i m p r u d e n t u e c a u s e i t w i l l i n e v i t a b l y l i m i t t h e n u m b e r
o r p o s s i b l e w a t e r r e s o u r c e s d e v e J o p m e n L p r o j e c t s i n t h e f u t u r e .
* T h e w r i t e r i s a t p r e s e n t a d v i s e r o n w a t e r r e s o u r c e s d e v e l o p m e n t w i t h t h e U n i t e d N a t i o n s E c o n o m i c C o m m i s s i o n
[ o r A [ r i c a , A d d i s A b b a b a . T h i s p a p e r p r e s e n t s h i s p e r s o n a l v i e w s , w h i e h a r e n o t n e c e s s a r i l y t h o s e o f t h e U n i t e d N a t i o n s
O r g a n i z a t i o n .
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:\ few words about some staffing problems. Many hydrological services are experiencing a large
turnover of middle and JO\ITr grade staff. This is b,)und, of course, to affect the ou tpu t and the q uali ty
of the work. It must be admitted that hydrological fieldwork is 0ften not the kind of work that school-
leavers dream of du;-ing their student years. Long journeys in cramped four-whee1-drive vehicles on
harcly recognizable tracks, pitching one's tent in the dark, bitten by mosquitoes, and measuring the
cross-section from a small wobbly dinghy with a crocodile in attendance is not everyone's choice of
work! Back in the office, much time is taken in computing the results of such routine measurements,
checking and collating gauge readings, etc., only to find the information filed away and rarely, if
elTt' consulted.
Il is not easy, although not impossible, to solve the problem of the loss of these valuable technical
stafI While field allowances ought to be generous. this is certainly not the only way to prevent many
of these men from seeking other jobs as soon as they have gained some experience. Selection should
be very careful, promotion rapid and, last but not least, a strong team spirit should be cultivated.
\liddle grade staff often constitute the majority of the staff of a hydrological department or division .
.\n)' tendency to form specialists within this group should be resisted. Their wo;-k should be as varied
as possible, encompassing all aspects of hydrological activity. The hydrological year-book should be
one of the concrete manifestations of"the work done by the staff of the departmen t.
Hydrological aspects of the design of public works, irrigation schemes, etc., should also be under-
taken by the hydrological departments. Not only should this be within the competence of the depart-
ment, but it should also help to clari!\, the purpose and usefulness of the vvork, which is not always
immediately apparen t to the ou tsider or the junior official.
Adding these activities to the more routine duties of a hydrological department will make for a
greater variety of work and keep it more interesting. The use of simple computers should also dis-
pense with some of the more tedious office tasks, as well as providing greater accuracy and quicker
results.
Most countries still haw,: a shortage of qualified and experienced engineers and this is likely to
remain the case in the foreseeable future. The so-called "pre-feasibility" surveys which are partly
financed by the United Nations Deve10pment Programme provide for counterpart local personnel
who receive additional training and experience both during the project period and, in some cases,
completing scholarship studies abroad. Nevertheless, it is often difficult for a, Government to find
sufficient numbers of these counterpart staff, even those without experience. The "production" of a
greater number of experienced staff requires that the number of young graduates be large enough
to spare some of them to obtain experience as counterparts in UNDP or similar projects.
Most design work of the larger constructions is being done by foreign consulting engineers.
Contracts with such firms, should whe~ver possible, provide for the secondment of o~le or two young
engineers to the consultants' home office to participate in the design studies. Valuable ecperience
could thus be transferred. Temporary exchanges of technical staff between countries could also be a
means of increasing 'on the job' experience for young engineers. The construction of any fair-sized
development project such as a dam or an irrigation scheme usually requires quite a number of
engineers, and staff from neighbouring countries should be welcomed to spend some time on the
project in order to obtain experience.
The African continent contains fifty-four international river basins; that is, river basins in which
the main stem or one of its tributaries crosses or constitutes an international border. A number of
these river basins are relatively small, but fifteen basins cover more than 100,000 sq. km. each (Senegal,
Volta, Niger. Ogoue, Congo, Cunene, Okayango, Oranje, Limpopo, Save, Zambezi, Ruvuma,
Juba, Shebelle, Nile). Only international co-operation will enable the full development of the re-
sources of these river basins to take place. It would be appropriate at this point to describe briefly
the progress that has been made during the last few years in respect of constitutional arrangements
between states to co-operate in the study of river basins and in the development of their resources.
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I n 1 9 6 3 , t h e r i p a r i a n c o u n t r i e s o f t h e S e n e g a l b a s i n e s t a b l i s h e d a n I n t e r s t a t e C o m m i t t e e a t M i n i s -
t e r i a l l e v e l w h i c h i s c h a r g e d w i t h t h e p r o m o t i o n a n d t h e c o - o r d i n a t i o n o f s t u d i e s a n d d e v e l o p m e n t
w o r k i n t h e b a s i n . A p e r m a n e n t s e c r e t a r i a t o f t h i s c o m m i t t e e h a s b e e n e s t a b l i s h e d w i t h i t s h e a d -
q u a r t e r s i n S t . L o u i s a t t h e m o u t h o f t h e r i v e r . S e v e r a l s t u d i e s d e a l i n g w i t h h y d r o p o w e r , i r r i g a t i o n
a n d n a v i g a t i o n h a v e b e e n i n i t i a t e d b y t h e c o m m i t t e e s i n c e i t s f o r m a t i o n .
T h e n i n e c o u n t r i e s s h a r i n g t h e b a s i n o f t h e N i g e r r i v e r e s t a b l i s h e d i l l 1 9 6 4 t h e N i g e r R i v e r
B a s i n C o m m i s s i o n . T h e c o u n t r i e s h a v e d e c l a r e d t h a t n a v i g a t i o n o n t h e N i g e r r i v e r s h a l l b e f r e e
a n d t h a t v e s s e l s o f a l l n a t i o n s s h a l l b e t r e a t e d i n a l l r e s p e c t s o n a b a s i s o f c o m p l e t e e q u a l i t y . T h e
s e c r e t a r i a t o f t h e C o m m i s s i o n i s i n N i a m e y . S t u d i e s c o n c e r n i n g i r r i g a t i o n a n d t h e i m p r o v e m e n t
o f n a v i g a t i o n a r e b e i n g u n d e r t a k e n u n d e r i t s a u s p i c e s .
L a k e C h a d i s b o r d e r e d b y f o u r c o u n t r i e s w h i c h c o n c l u d e d a c o n v e n t i o n i n 1 9 6 4 e s t a b l i s h i n g
t h e C h a d B a s i n C o m m i s s i o n , l o c a t e d i n F o r t L a m y . A n u m b e r o f s t u d i e s c o n c e r n i n g t h e e x p l o i t a -
t i o n o f g r o u n d v v a t e r a n d t h e u s e o f s u r f a c e w a t e r r e s o u r c e s a r e b e i n g u n d e r t a k e n b y t h i s C o m m i s s i o n .
I t s h o u l d a l s o b e m e n t i o n e d t h a t t h e G o v e r n m e n t s o f G a m b i a a n d S e n e g a l a r e j o i n t l y i n v e s t i -
g a t i n g t h e d e v e l o p m e n t p o t e n t i a l o f t h e G a m b i a r i v e r . D a h o m e y a n d T o g o h a v e r e c e n t l y complet~d
a j o i n t s t u d y o f t h e M o n o r i v e r b a s i n w h i c h t h e y s h a r e .
T h e s u r v e y o f t h e e q u a t o r i a l l a k e s b y K e n y a , t h e s t d a n , T a n z a n i a , t h e U . A . H . . a n d U g a n d a i s
a n o t h e r e x a m p l e o f i n t e r n a t i o n a l c o - o p e r a t i o n i n t h e s t u d y o f a r i v e r b a s i n s h a r e d b y s e v e r a l c o u n t r i e s .
T w o o f t h e s e c o u n t r i e s , t h e S u d a n a n d t h e U . A . R . h a d a l r e a d y e s t a b l i s h e d a P e r m a n e n t J o i n t T e c h -
n i c a l C o m m i t t e e i n 1 9 5 9 f o r t h e p r e p a r a t i o n o f f u r t h e r d e v e l o p m e n t o f t h e N i l e R e s o u r c e s .
' W h i l e t h e p r o g r e s s m a d e i n t h e l a s t f e w y e a r s t o w a r d s m u l t i n a t i o n a l s t u d y o f i m p o r t a n t r i v e r s , a s
d e s c r i b e d a b o v e " i s c e r t a i n l y e n c o u r a g i n g , i t i s s t i l l t r u e t o s a y t h a t i n m o s t c a s e s w e a r e c e r t a i n l y o n l y
a t t h e b e g i n n i n g o f a l o n g p r o c e s s , a n d a n e n o r m o u s a m o u n t r e m a i n s t o b e d o n e . v V h i l e t h e c o n c e p t
o f " i n t e g r a t e d r i v e r b a s i n d e v e l o p m e n t " h a s , o f c o u r s e , m a n y a t t r a c t i o n s , i t s i m p l e m e n t a t i o n , e s p e -
' c i a l l y i n t h e c a s e o f i n t e r n a t i o n a l r i v e r s , i s f a r f r o m e a s y . T h e b a s i c f e a t u r e t h a t o r i g i n a l l y b r o u g h t
f o r w a r d t h i s c o n c e p t i s t h a t a n y c h a n g e i n a r i v e r ' s r e g i m e i n t h e h e a d w a t e r s a r e a o f t h e b a s i n w i l l
h a v e p h y s i c a l c o n s e q u e n c e s d o w n s t r e a m . E x i s t i n g o r n e w s c h e m e s i n t h e d o w n s t r e a m a r e a o f a r i v e r
m a y b e b e n e f i c i a l l y o r a d v e r s e l y a f f e c t e d b y a l t e r i n g t h e f l o w r e g i m e u p s t r e a m . F o r e x a m p l e , s w a m p
d r a i n a g e i n t h e u p p e r r e g i o n o f a b a s i n m a y i n c r e a s e t h e m a g n i t u d e o f t h e f l o o d d o w n s t r e a m ; c o n v e r -
s e l y , t h e c o n s t r u c t i o n o f r e s e r v o i r s f o r h y d r o - p o w e r m a y d e c r e a s e t h e a r e a a n n u a l l y i n u n d a t e d . A
p r a c t i c a l e x a m p l e o f h o w c o m p l i c a t e d s u c h p r o b l e m s c a n b e i s f o u n d i n o n e A f r i c a n r i v e r b a s i n ,
w h e r e t h e f e a s i b i l i t y o f a h y d r o - p o w e r s c h e m e i s b e i n g s t u d i e d . T h e i n h a b i t a n t s o f t h e l o w e r p a r t o f
t h i s b a s i n p l a n t t h e i r c r o p s e a c h y e a r o n t h e l a n e l w e t t e d b y t h e a n n u a l f l o o d . S t o r a g e f o r t h e h y d r o -
p o w e r s c h e m e m i g h t r e d u c e t h e m a g n i t u d e o f t h e a n n u a l f l o o d a n d t h u s t h e a m o u n t o f l a n d i n u n d a t e d
a n d a v a i l a b l e t o t h e f a r m e r s . A n a c c e l e r a t e d t r a n s i t i o n t o m o r e s o p h i s t i c a t e d i r r i g a t i o n p r a c t i c e s
m i g h t b e r e q u i r e d t o e n a b l e t h e h y d r o - e l e c t r i c s c h e m e t o b e e s t a b l i s h e d w i t h o u t f e a r o f j e o p a r d i z i n g
f o o d p r o d u c t i o n i n t h e l o w e r v a l l e y a n d t h e l i v e l i h o o d o f i t s i n h a b i t a n t s . T h i s w o u l d m e a n t h a t t h e
o p t i m u m e c o n o m i c d e v e l o p m e n t p l a n o f t h e a r e a c o n c e r n e d s h o u l d p r o v i d e f o r i n v e s t m e n t s c o v e r i n g
b o t h h y d r o - p o w e r d e v e l o p m e n t a n d m o d e r n i z a t i o n o f i r r i g a t i o n p r a c t i c e s . T h e p h y s i c a l r e l a t i o n s h i p s
e x i s t i n g i n t h e r i v e r b a s i n a n d t h e p r e s e n t u s e o f i t s r e s o u r c e s m u s t o b v i o u s l y , t h e r e f o r e , s e t s e r i o u s
c o n t r a i n t s t o t h e s c a l e a n d t h e t i m i n g o f n e w s c h e m e s .
W h i l e t h e d e v e l o p m e n t o f h y d r o - p o w e r i n a r i v e r o f t e n h a s a s a n i m p o r t a n t b y - e f f e c t t h e i n -
c r e a s e d e c o n o m i c f e a s i b i l i t y o f a n i r r i g a t i o n s c h e m e , t h e c o n s t r u c t i o n o f a p o w e r p l a n t ( w h e t h e r
h y d r o o r t h e r m i c ) o u t s i d e t h e p a r t i c u l a r r i v e r b a s i n m i g h t n e v e r t h e l e s s b e f o u n d t o b e m o r e e c o n o m i c .
T h i s e x a m p l e s h o w s t h a t t h e r e a l f r a m e w o r k w i t h i n w h i c h r i v e r d e v e l o p m e n t p r o j e c t s s h o u l d b e
a n a l y z e d i s i n e v i t a b l y n o l e s s t h a n t h a t o f t h e n a t i o n a l e c o n o m y a s a w h o l e .
R i v e r b a s i n p l a n n i n g s h o u l d , o f c o u r s e , b e a p a r t o f i n t e g r a t e d n a t i o n a l e c o n o m i c d e v e l o p m e n t
p l a n n i n g , i t s p a r t i c u l a r f e a t u r e b e i n g t h a t o f t h e e f f e c t o f s p e c i f i c p h y s i c a l r e l a t i o n s h i p s o n p o s s i b l e










For many African rivers, it will be some tllne before the development of their resources can be
seriouslv considered. One of the reasons for this is that whereas a good deal of general hydrelogical
knowledge may be available, sufficient detailed information on the economic potential for develop-
ment has yet to be obtained. In some cases, the existing knowledge of such factors as potential re-
servoir sites, topography and soil properties is not sufficient even for the preparation of an outline
scheme for river basin development which would be even technically practicable, let alone econo-
rnically feasible.
Sometimes the scale of possible schemes is so large-hydro-electric schemes for example-that
whilst the investment costs per unit of power may, at first glance, appear very low, the expected
growth of demand will be insufficient to absorb this power capacity.
The development of river basin resources which are shared by two or more countries will, in
order to succeed, require much more than the mere co-ordination of surveys and studies. A number
of the technically feasible projects which will result from such surveys might have serious bearing on
more than one national economy. The priority given to such projects by each individual country
may markedly differ. For one nation it may depend on the economic atrractiveness of alternative
investment projects available to it and UpOYl the general priorities of its development plans. For another,
the potential for the sharing or'investment costs of such projects might make them very much more
attractive than would otherwise be the case. Thus, the development of the resources of international
river basins will, to a certain extent, depend on an adequate co-ordination of national development
plans, in particular where the choice of projects is concerned.
The fact that interested governments have already undertaken an impressive number of joint
surveys and studies of international rivers on the African continent, and the recent action towards
the co-ordination of economic development in Eastern and in 'Vest Africa are more than just a
happy coincidence. This evidence of co-operation could give a sound basis to the future development
of the many international river basins of Africa. It is most essential that the national planning organi-
zations now follow closely the work undertaken by the relevant international river commissions.
In their turn, these commissions should attempt to assess, as soon as possible, the technically feasible
development potential of the river basin. Tiley should also prepare preliminary evaluations of the
economic costs and benefits of various long term development policies for the guidance of national
planners. I realize that this is a formidable task which will require that first class staff are made
available by the Government concerned.
As a final point, let me mention an area of research to which in my view, insufficient attention
has yet been given. The African continent has large semi-arid and arid areas where agriculture is
practised. In the semi-arid areas this agriculture is still mainly rainfed and droughts, with resulting
crop failure, occur from time to time. Attempts will no doubt be made to overcome this problem by
the in traduction in many of thes~areas of so-called "supplementary irrigation."
Agriculture in the dry zone depends frequently on the supply of water f) om rivers which ongl-
nate in the more humid areas of the Continent. Furthermore, the demand for irrigation water in
these dry areas will increase with the need to feed more people, while at tne same lime, new demands
lor irrigation water may arise in the more upstream areas of these rivers. If ways could be found to
use irrigation water more effectively, more land could be provided with the available water. To this
end, research could be undertaken in several directions. Existing work on the control of evaporation
losses should, cf course, be continued. Cheap methods should be found and tested for prevention of
infiltration losses from irrigation canals. Further studies should be undertaken into the water needs
of appropriate crops during the various stages of growth. Further investigation is also required in
regard to the yield response to sub-optimal water supply, and its implications for potential water
saving, where the advantages of larger irrigated areas might more than compensate for yield losses
from the reduced quantities of water supplied. The relative efficiency of rainfall and of irrigation water
under different farming practices should be further studied. There is also room perhaps for more
research into the drought resistant properties of certain· crops varieties.
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